Aims To identify, without additional investigation, a large group of myocardial infarction patients at low risk who would qualify for early discharge.
Introduction
Management of patients with acute myocardial infarction continues to evolve. Early reperfusion therapy limits infarct size, preserves left ventricular function and thus reduces post-infarction complications such as heart failure, secondary (late) ventricular fibrillation and death [1, 2] . Early discharge of infarct patients is cost effective, and may be beneficial for physical as well as psychological betterment. A first step towards a reduction in hospital stay was made in 1952 by Levine and Lown with the introduction of 'armchair treatment' [3] . At that time, early mobilization and rehabilitation of the infarct patient was of particular interest, not the early discharge policy itself. During the following decades, the hospital stay of patients with myocardial infarction has been reduced gradually from an average of more than 6 to less than 2 weeks. Nowadays patients are mobilized within 24 h and early discharge management is of major interest compared with early mobilization.
In selected myocardial infarction survivors, discharge on day 3 may be an option, for instance in the presence of proven reperfusion and negative thallium exercise scintigraphy. Also, patients who have undergone successful direct PTCA with proven reperfusion can be discharged as early as 2 days after PTCA [4] . Other myocardial infarction patients with or without reperfusion therapy and an uneventful course can also be discharged relatively early. A third group of patients requires longer hospitalization to allow for stabilization of heart failure and/or planning of invasive therapy. Furthermore longer in-hospital observation is warranted in patients at increased risk for sudden life threatening complications, such as late ventricular fibrillation, cardiac arrest or re-infarction.
Recently, the GUSTO-I trial identified, on the basis of simple clinical variables, a group of low-risk postinfarction patients treated with thrombolytic therapy [5] . Presumably, such patients could be discharged safely by hospital day 4 with a very low complication risk. The results of this GUSTO substudy are promising but retrospective and applicable only to a minority of infarction patients, namely those treated with thrombolytic therapy.
In contrast, the aim of the present study (SHORT: acronym for Short Hospital Rehabilitation Trial) was to develop and validate prospectively an early discharge decision rule suitable for all or most myocardial infarction patients and widely applicable in clinical practice. The decision rule is based on clinical assessment without the need of pre-discharge exercise testing or other non-invasive or invasive tests.
Methods

Patients and data collection
The SHORT study consisted of two parts. First, a decision rule was developed to identify patients for early discharge using data from all patients consecutively hospitalized for acute myocardial infarction between May 1993 and May 1994 in three community hospitals and one tertiary referral hospital. Subsequently, the rule was validated in the same four hospitals from November 1994 until November 1995.
All patients (n=1472) hospitalized within 24 h after onset of symptoms because of a confirmed myocardial infarction were eligible. The clinical diagnosis myocardial infarction was confirmed by the presence of creatine phosphokinase levels of at least 200 U . l 1 (approximately twice the normal level in all hospitals), but no specific ECG inclusion criteria were required. Patients with a history of acute ischaemia and electrocardiographic evidence of transmural infarction, who received thrombolytic therapy but did not develop abnormal enzyme levels, ('aborted infarctions') were also eligible as were patients transferred to one of the study hospitals within 24 h following admission at another hospital. Patients who developed an infarction while in hospital were also included. Some patients (3% of all infarcts) had an infarction during or shortly following PTCA.
Medical history and cardiovascular risk profile at admission were recorded in each subject. In addition, the following parameters were registered during each subsequent day in hospital: presence of angina, clinical evidence of heart failure, rhythm abnormalities, blood pressure, heart rate and (cardiovascular) medication. Electrocardiograms at admission and discharge were evaluated to determine the site of the infarction. Routine monitoring of the patient's heart rhythm was limited to their stay at the CCU. Results from non-invasive tests and invasive procedures were registered, although such procedures were not required. Complications, (invasive) procedures and re-admissions that occurred within the first month after admission were also collected.
Data-analysis
To develop a decision rule for early discharge, univariate and multivariate analyses were employed to predict short term mortality and other complications as defined hereunder. In these analyses, the following variables known to affect prognosis adversely were considered: age over 65 years, female gender, prior myocardial infarction, diabetes, peak creatine phosphokinase level, heart failure, anterior infarction [6] . In-hospital complications were ranked hierarchically as major in case of death, cardiac arrest, recurrent infarction, heart failure (defined as Killip class II, III, IV) [7] and advanced AV block, and as minor in the presence of recurrent ischaemia (chest pain with ECG changes) requiring intravenous administration of nitroglycerin and symptomatic ventricular or atrial tachycardia of at least 30 s duration. Daily new event rates were calculated, defined as the ratio of patients with complications occurring at a specific hospital day and those without complications until that day, as well as freedom from new events. From these data a decision rule was developed which distinguished patients with a very low incidence of major events during the subsequent course (candidates for early discharge) and those at higher risk requiring additional investigation or therapy.
In the second part of the study, all patients categorized at low risk (defined as absence of factors with negative prognostic impact) were eligible for early discharge and attempts were made to discharge such patients in the morning of the 7th day. If an uncomplicated patient was not discharged on that day, the reason for overruling the protocol was specified. Complications were assessed during the 1 month follow-up.
The day of hospital admission was defined as day 1. Because the first and last hospital day combined comprised on average approximately 24 h of hospitalization, the length of hospital stay was calculated by subtracting the date of discharge from the date of admission.
Results
Characteristics of the registration (n=647) and the validation (n=825) groups are presented in Table 1 . The subjects represented a typical population of unselected patients with myocardial infarction. Ages ranged from 22 to 95 years. Both groups were similar in baseline
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features, risk factors and previous history. Thrombolytic therapy was administered in approximately 40%. Coronary angiograms were made in 22-25% of patients, half of these resulted in PTCA and a quarter in bypass surgery during the same hospitalization. In-hospital mortality was 11% and 12%, respectively. Recurrent infarction was observed in 5% in both cohorts.
Development of decision rule
In univariate analysis, the strongest predictors for mortality by 1 month were the presence of heart failure (Killip class dII) and age over 65 years (Table 2) . Mortality risk was lower in patients treated with thrombolytic therapy. In multivariate analysis, heart failure was the major determinant of a fatal outcome. The association of heart failure with poor outcome remained significant when ventricular fibrillation and recurrent myocardial infarction were added as end-points. The presence of chest pain and ventricular or supraventricular tachycardia during days 1 and 2 were not predictive of subsequent major complications and these symptoms were considered subsequently only if they developed on day 2 or thereafter.
Not surprisingly, event rates were highest early following hospitalization (Table 3) . On the first day, 40·5% of the patients experienced a major complication, most often heart failure. The event rate subsequently declined and the rate of new major complications was below 1% on day 6. The rate of all new events (major and minor) was below 1% at day 8 and beyond. The number of patients without major events at the beginning of day 7 amounted to 44% of all patients admitted, and to 47% of those alive by day 6.
month outcome
None of the 284 patients without complications by day 6 died during the 1 month follow-up. Their rate of major complications (re-admission for recurrent myocardial infarction or heart failure) in this time period was only 1·4%. Re-admission for minor complications was required in 7·0%: because of elective intervention in 2·8%, for angina pectoris in 2.1% and related to non-cardiac morbidity in 2·1%.
Validation of the decision model
Application of the decision rule in clinical practice involved identification of patients without initial (major) complications in the morning of day 3. These patients were scheduled for early discharge provided that no complications would occur prior to that time. 
VF=ventricular fibrillation; MI=myocardial infarction. **P<0·001. *P<0·05.
The decision rule was validated in 825 patients consecutively admitted to the same four hospitals during a 12-month period. Of the 750 patients that were alive by day 6, 319 (43%) were candidates for early discharge, of whom 252 (34%) were actually discharged on the morning of day 7 (hospital stay 6 days). The major reasons for non-compliance with early discharge were logistic factors (4·9%), non-cardiac co-morbidity (1·9%), noninfarct related cardiac problems (0·8%) and social (0·5%) factors. The total number of patients discharged at or prior to day 8 was 282, and 295 for discharge at or prior to day 9 (88% and 92% of the 319 low-risk patients, respectively). The cumulative distribution of patients discharged is presented in Fig. 1 .
None of the patients who qualified for early discharge died during the 1-month follow-up. The rate of major complications (re-admission for recurrent myocardial infarction or heart failure) was 1·8%. 
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Re-admission for minor complications was necessary in 4·7%.
Length of hospital stay
In the first part of the study, the median number of days spent in-hospital by the low risk group was 9 days. This was reduced by 33% to 6 days in the second part of the trial (Fig. 1) . The median time spent in hospital by all patients in the registration group was 10 days, which was reduced to 7 days in the validation set.
Discussion
Early discharge after acute myocardial infarction remains a subject of considerable interest due to changes and improvements in the management of myocardial infarction patients. This is even more true now that need for efficiency is a major topic in current health care management and physicians have to justify their management and treatment both medically as well as financially [8] . Hospital length of stay is the most important determinant of total cost.
During the last decades, the mean length of hospital stay of patients admitted with acute myocardial infarction has been reduced dramatically. In the early 1950s, when it became known that necrotic myocardium needs 6 weeks to organise itself into a scar [9] , the hospital stay was as long as 8 weeks. In 1952 Levine and Lown pioneered to shorten hospitalization by introducing the so-called 'armchair treatment' [4] . This early mobilization procedure was the beginning of new rehabilitation programmes for patients with acute myocardial infarction. Since that time, series of observational studies and controlled trials tried to shorten hospital stay further ( Table 4) . As a result, the length of hospital stay has decreased to less than 6 days in patients with no complications in the U.S.A. In European countries, hospital length of stay has decreased more slowly. In The Netherlands in 1995, the mean duration of hospitalization amounted to 10·9 days for all infarct patients, hospital survivors and non-survivors included [11] . In the early 1950s, early mobilization was a major point of interest in contrast to early discharge at the present. Nowadays patients admitted with acute myocardial infarction are hardly immobilized so there is little need for elaborate mobilization programmes, particularly not for uncomplicated myocardial infarction patients. Prolonged hospitalization should only be necessary for patients with uncontrolled symptoms and/or other findings.
Which patient candidate for early discharge?
Most investigators do agree on the clinical parameters associated with favourable or poor outcome. Patients admitted for acute myocardial infarction are candidates for early discharge if they have no congestive heart failure, no persistent major rhythm abnormalities and no recurrent ischaemia (Table 4) . These same clinical variables were also used for the decision model in the present study. Some investigators added a few parameters to their discharge policy but the requirement for expensive or complex tests like thallium scintigraphy or coronary angiography limits the general applicability of such models. In our perception, a decision model works best if it is applicable to a relatively unselected group of patients and can be applied without additional noninvasive or invasive tests. The aim of the SHORT study was to develop and validate a decision rule which is applicable to a large group of myocardial infarction patients in hospitals with different resources. Candidates for early discharge are patients at low risk for short term Table 4 Review of prospective studies on early discharge after acute myocardial infarction complications. This group of patients can be selected easily by simple clinical variables. The algorithm, with its clinical criteria and decision moments, is depicted in Fig. 2 . In practice, almost 50% of in-hospital survivors are eligible for early discharge as shown in this study. This compares favourably with most other studies (Table 4) , which were often limited to selected patient groups, for example proven reperfusion, non-Q wave infarction or reperfusion therapy.
What is early: 5 or 7 days?
The most recent report on this topic is a retrospective analysis of the GUSTO I data. These investigators showed that, on the basis of simple clinical features, 57% of these patients were at very low risk for cardiovascular complications beyond 4 days after admission. Accordingly, this low risk group would be eligible for early hospital discharge at day 4 which, due to another method of calculating the duration of hospitalization, would be comparable to discharge at day 5 day according to our method of counting. The SHORT study proposed and validated a decision rule for all infarct patients, with or without reperfusion therapy (40% thrombolytic treatment), where early discharge candidates leave hospital in the morning of day 7, after a hospital stay of about 6 days. The difference in hospital stay between these two studies of one day seems reasonable in view of the slightly higher risk population in the SHORT study. For clarity's sake, it should be noted that the definition and calculation of length of hospital stay are seldom described in the various publications. Often one or two more days need to be added to the figure provided when the day of admission and discharge are counted as in the present study. Before the SHORT study started, most physicians practising in the participating hospitals believed that a considerable number of patients were already being discharged at day 6. However, the results of the first part of the SHORT study demonstrated a major gap between opinion and reality in clinical practice.
Preparing patient for early discharge?
The moment of selection of uncomplicated myocardial infarction patients elegible for early discharge is very relevant. In the literature this varied from preliminary decisions at admission until the 6th day. An important restriction of many studies is the fact that assessments were made at admission only, and that therefore important complications that develop in the course of the hospitalization, such as ventricular fibrillation, recurrent myocardial infarction, heart failure and post-infarction angina, could not be taken into account. As shown in the present study, the rate of these events is high during the first 2 days and a considerable proportion of presumed uncomplicated patients at admission would have an event during the first days. Continuous clinical monitoring and evaluation of patients, as in the SHORT trial, provides very powerful prognostic information and allows better selection of patients at high and low risk than a decision shortly after admission.
In the SHORT study, patients eligible for early discharge were selected on the morning of day 3, which often is the day of transfer from a high care to a medium care or step-down unit. Over 80% of patients uncomplicated at day 3 remained uncomplicated and were candidates for early discharge at day 7. In the days between selection and discharge simple tests like echo and exercise test can be performed. However, in these 
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uncomplicated patients an exercise test has little prognostic value and might safely be performed in an outpatient setting, for example 1 week after discharge. This practical approach would also settle any scheduling problems during admission. However, in order for an early discharge policy to work, continuous attention and efficient scheduling on a day-to-day basis is required.
Early discharge triage
Until quite recently, the management of myocardial infarction consisted of observation and treatment of complications. Due to better pathophysiological insights and new active treatment modalities, the prognosis of these patients has improved significantly. It is reasonable to assume that future therapeutic developments will improve prognosis further, and it is clear that more effective stratification will decrease the duration of hospitalization further.
Three groups of patients may be distinguished with different length of hospital stay. First, angiography and direct PTCA after acute myocardial infarction give insight into the patency of the coronary vessel and extent of coronary artery disease. Risk stratification can easily be performed on the basis of these findings. Although direct PTCA is only performed in a minority of myocardial infarction patients, patients with successful PTCA can be discharged shortly after the intervention and those with a patent coronary vessel are also candidates for very early discharge [12] . A second group of patients, with or without reperfusion therapy, can safely be discharged after acute myocardial infarction by day 7 if their hospital course is uncomplicated by day 6 as demonstrated. Patients who experienced a major complication during the first 2 days after myocardial infarction require further observation. If the current findings in patients with an uncomplicated course are extended, complicated patients could be discharged if they are free of major complications (chronic heart failure, serious rhythm abnormalities) for at least 3 subsequent hospital days, or after a revascularization procedure, if appropriate.
Benefit must be weighted against the risk for every patient. Early discharge may confer physical and psychological advantages in addition to financial savings, but may also carry a slightly increased risk for a few patients. Nurses and physical therapists may indicate that early discharge shortens time for rehabilitation, education and risk factor modification during hospitalization. However, rehabilitation is usually not required in early discharge patients, and attention to risk factor modification should continue beyond hospitalization. We believe that application of formal decision rules, as described, will lead to more efficient use of hospital resources and increase physical and psychological wellbeing of the patient. The proposed and tested decision rule was shown to be applicable in all myocardial infarction patients with simple clinical characteristics and is thus a powerful tool for efficient management of patients with myocardial infarction.
